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recombinant host cells. For example, certain polypeptide factors, such as insulin, are unstable in some culture 
conditions. It is an object of the invention to provide a local environment for the host cell that is optimal for 
growth or survival. In particular it is desirable to eliminate the need for preliminary testing, for example of puritv 
of polypeptide factors necessary for the host cells in cell culture and to lower the risk of contamination of a cell 
culture by eliminating the need of adding exogenous factors. Furthermore it is desirable to 

1) produce a more robust host cell line by providing autocrine production of polypeptide factors 
necessary for the survival and growth of recombinant host ceils in culture ; 

2) produce recombinant host cells thatare less sensitive to medium conditions; 

3) provide a localized environment for cell growth or survival ; 

^4) improve the efficiency of celt culture through autocrine production of necessary polypeptide factors ; 

5) lower the cost of the defined medium. 
Summary of the Invention 

The present invention provides a novel method for culturing a recombinant host cell comprising: selecting a 
polypeptlde-dependent host cell that requires a polypeptide factor for its survival or growth transformina the 
host cell with a nucleic acid encoding the particular polypeptide factor; transforming a host cell with nucleic 
acid encoding a desired protein; and, culturing the transformed host cells in a medium lacking the particular 
polypeptide factor. The cells made In accord with this invention can survive or grow In a medium lackinq the 
polypeptide factor. The recombinant host cell itself it satisfying its need for the polypeptide factor It was not 
appreciated until the instant invention that a host cell could be made using recombinant means to supply the 
polypeptide factor(s) necessary for its own survival or growth in culture. Surprisingly, supply of the necessary 
polypeptide factor did not limit the host cell's capability to produce the desired protein in usable quantities 
This invention provides significant economic savings in the culture of recombinant cells. The savings in the 
context of large scale production of a desired protein is in the order of tens of millions of dollars Accordinalv 
in one aspect the invention is directed to a method for culturing a host cell in a medium lacking necessary 
polypeptide factor(s) for survival or growth. In another aspect the invention is directed to a host cell 
transformed to express a polypeptide factor necessary for its own growth or survival. Yet another aspect of 
the invention is the cultrue comprising polypeptide factor-transformed host cells in a medium lackina the 
polypeptide factor(s) necessary for the host cells' growth and maintenance. 

Brief Description of the Drawings 

Figure 1. Construction of a human preproinsulin expression vector, pSVEHIGDHFR, used to establish 
an insulin-independent cell line for production of a desired protein. 

Figure 2. Construction of a human preproinsulin expression vector, pSVEHIGNeo, used to establish an 
insulin-independent cell line for production of a desired protein. 

Figure 3. Construction of pCVSVD22preUK54 plasmid used in the construction of pSVEHIGDHFR 

Figure 4. Construction of an ornithine decarboxylase (ODC) expression vector used for amplification of 
the ODC gene and the cotransfected preproinsulin gene. 

Figure 5. 

(a) Growth of two insulin-independent cell lines and control cell line in presence of 5<Vo whole FBS 

(b) Growth of two insulin-independent cell lines and the control cell line in 10/ 0 charcoal/dextran 
extracted FBS (treated to remove insulin from the medium). 

Figure 6, 

(a) Growth of control cells (CHO/DHFR-, no preproinsulin) in serum-free medium in the presence 
of 0 to 10 u,g/ml exogenous insulin. 

(b) Typical growth pattern of clones 7 and 12 subjected to varying insulin concentration und 
serum-free conditions. 

Figure 7. In serum-free culture in the absence of insulin the DFMO pool (100u.M) and the unamplified 
clone 13 C2B-proinsulin line (Ci.13) which was selected for insulin independence demonstrated titers that 
were vastly elevated over C2B (control) under Identical conditions. The C2B/clone 13 cell ultimately 
achieved tPA titers equivalent to the C2B control with 20 ^g/ml insulin (C2B + Insulin). 

Figure 8. Diagram of.an expression vector, pRKTF, encoding transferrin. 

Figure 9. Construction of the Expression vector pRK5 into which the cDNA encoding tra^ 
inserted. 

Figures 10 to 12 show the construction of plasmid pCIS2.8c28D e , 5f c ©// 

'ho* * ct Or 

Detailed Descript ion orrn n ' 

0n *<LH) S 

As used herein, "polypeptide factor," refers to any protein necessary fo' ' & 

in culture. The polypeptide factor may be a hormone, growth fact' 
transport protein, oncogene/proto-oncogene and the like. Examn'' 
are, for example, insulin, proinsulin, follicle stimulating horrr>' 
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orathvroid hormone fPTH) thyroid stimulating hormone (TSH). thyroid releasing hormone (TRH) 
glucagon, parathyroid homone (PTH • ^ ° , f p 0 | ype p t j de factors are the transport proteins, such 

Other ^P 1 "^^^^ are interieukin-2, insulin, insulin-like growth factor I and 

Z^S^o^rZZgl^or (GM-CSF). Yet other examples of polypeptide f P^. 
^tTotinn from the exDresslon of certain oncogenes/proto-oncogenes. The proteins encoded by these 

plasma-membrane encoded^ for another polypeptide factor which is 

E^tE^^^M^ are non-enzymatlc and thus do not include such proteins as 
dfh?drofolate edSe ^DHFR), ornithine decarboxylase (ODC). thymidine kinase or phosphotransfe ase 
•SsSd protSn- nSl^o a p otein which is desired to be expressed in a host cell, but which the host eel 
either normKoes not produce itself or produces in small amounts, and which is not normaUy necessary for 
S^ETXSSinct The desired protein includes a protein having as few as about five am.no acids 
o much :?5Sas factor VI... Such a protein Includes any molecule having ^£££5 
^ arirf « a uence as well as amino acid or glycosylate variants (including natural alleles) capable of 
Z ting a bio oS fc,S fn cTmon with thVdesired protein. Examples of such 1^ 
hnrmone insulin factor VIII tissue plasminogen activator, tumor necrosis factor alpha and beta, lymphotox n, 
eTohainase human Ve um albumin, multerian inhibiting substance, relaxin. tissue factor protein inhibin 
riSSon alpha, beta and gamma, superoxide dismutase. decay accelerating facto viral 
^S^»!»SLnple P . a portion of the AIDS envelope, and interteukin. The desired protein could also 

b Vhe P t°S P ce1l cSture- or "culture" refers to populations of vertebrate cells grown from a single cell such 
thltthe pTpuSion grows " survives for one or more generations. The growth of sur^ of verteb^ 
tnattnepopuiaTiongr become a routine procedure. See for example 

S!!!Z£ff5^ iL of Serum-Free Horm one-Suoolemented Media, Ed. Mather. J.P. (Plenum 

Pr The term "hostcell" refers to those vertebrate cells capable of growth in culture and expressing a desired 
prISn and a polypeptide factor(s). Suitable host cells include for example: monkey kidney CV1 hne 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 Graham, F.L etaL J^Ge n 
Wof^ 59 H9771) baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary-cells-DHFR 

23i.PNA8 (USA) 77:1216 11980]\0; mouse Sertoli cells 
23 243-251 (1980]); monkey kidney celiT(CV1 ATCC CCL 70); afnean green monkey kidney ceH ^0-76 
a4'cc CRL-1587) human cervical carcinoma cells (HELA. ATCC CCL 2); canine kidney cells (MDCK, ATCC 
rrL 34^ buttaL rat l^er cellsTBRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human hver 
cells tSep G2 HB 8065 mousfmammary tumor (MMT 060562. ATCC CCL51 ) ; and. TR1 cells (Mather JP J 
al Annals N V. Acad. Sci. 383:44-68 [1982]). While the preferred host cells of th.s invention are vertebrate 
clils other eukaryotlc cells may be used, such as for example, insect cells. 
The hos ce I S l y be transformed with nucleic acid encoding the polypeptide factor either before aft er or 
simSaneous; with nucleic acid encoding the desired protein. It is preferred to '^^^.'^"fS 
encoding the polypeptide factor before thus providing a "polypeptide factor-ndependent host cell capable of 
50 being transformed with the nucleic acid encoding a desired protein. 

"Polypeptide factor-dependent host cell" refers to a host cell requiring one or more polypeptide facto s in 
,he culture medium for growth or survival. The polypeptide factor(s) for a part.cular ^st c^ is determ ined 
us!ng general methods known to the ordinarily skilled artisan as desenbed ^J^^^. 
polypeptide factor from the medium may result in death of the cell or ,n inhibited grow*. Which ^<£ends 
upon the particular host cell, the polypeptide factor, culture conditions and other factors such , asceH density. 

The term "medium" refers to the aqueous environment in which the vertebrate cells are grown culture^ 
The medium comprises the physicochemical, nutritional, and hormonal environment. Tradition** the med urn 
has been formulated by the addition of nutritional and growth faclors necessary for growth or survival. 
"lerumTree medium" refers to a medium lacking serum. The hormones, growth 'actorsjransporl proteins 
peptide hormones and the like typically found in serum which are necessary for the «^ « 
particular cells in culture are typically added as a supplement to serum-free medium. A defined medium 
refers to a medium comprising nutritional and hormonal requirements necessary for the survival anc 'growth of 
the cells in culture such that the components of the medium are known. A ^ned medium P"^*«» 
method of the instant invention establishes a local environment for a particular host cell that may differ from 
65 the general environment of the medium. 
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Determining the particular polypeptide factor(s) and in turn providing a defined medium required by a 
recombinant host cell can be accomplished by the ordinarily skilled artisan in cell culture. Cell lines are 
routinely carried in a serum-supplemented medium. Most established cell lines have been grown in 
serum-supplemented medium for a period of years. It can be assumed that to a greater or lesser extent the 
serum-supplement is providing these cells with the hormones required for growth and survival in vivo and/or 5 
the cells have adapted to the absence of, or reduced levels of, some hormones required. 

There are several approaches to defining the polypeptide factor requirements for a given cell line. The 
method of choice will depend on the cell line. Several possibilities are known to the ordinarily skilled artisan of 
which the following are exemplary. The initial step is to obtain conditions where the cells will survive and/or 
grow slowly for 3-6 days. In most cell types this is, in part, a function fo Inoculum density. For a cell which will 10 
attach and survive in serum-free media, it is only necessary to select the proper inoculum density and begin 
testing hormones for growth-promoting effects. Once the optimal hormone supplement is found, the inoculum 
density required for survival will decrease. In some cases the plating efficiency in hormones will be similar to 
that in serum, although this is not true for all cell types. This may be due to added requirements for attachment 
factors or growth factors needed only initially or at higher concentrations than those needed when cells are 15 
plated at high densities. Many cells, both transformed and normal, are capable of producing substances which 
are required for their attachment or growth. 

However, some cell lines will not survive even 24 hours or will not attach to the dish in serum-free medium. 
For these cells several initial approaches are possible: pre-coat the dish with serum; plate cells in 
serum-containing medium for 12-24 hours and then change to serum-free; reduce serum concentrations to 20 
the point where the cells will survive but not grow; and use various attachment factors. 

The various polypeptide factors can then be tested under these minimal conditions. When optimal 
conditions for growth are found, the serum (or pre-incubation step) can then be omitted and/or replaced with 
purified attachment and/or polypeptide factors. 

Cells in serum-free medium generally require insulin and transferrin in a serum-free medium for for optimal 25 
growth. These two factors should be tested first. Most cell lines require one or more of the growth factors. 
These include epidermal growth factor (EGF), 'fibroblast growth factor (FGF), insulin like growth factors I and li 
(IGFI, IGFII), nerve growth factor (NGF), etc. Other classes of factors which may be necessary include; 
prostaglandins; steroids; transport and binding proteins (e.g. ceruloplasmin, high and low density lipoprotein 
[HDL, LDL], albumin); hormones; and fatty acids. 30 

Polypeptide factor testing is best done in a stepwise fashion testing new polypeptide factors in the 
presence of those found to be growth stimulatory. This is essential in some cases as polypeptide factor effects 
are seldom simply additive. Alternatively, some polypeptide factors can stimulate growth singly but their 
effects when added together cancel or are inhibitory. 

A complete replacement of serum by polypeptide factor would ideally allow for a doubling time and plating 35 
efficiency equal to (or in some cases greater than) that seen for that cell type in serum and the ability to carry 
the cell line through successive subcultures in the polypeptide factor-supplemented serum-free medium. It 
would be expected that the dose of each polypeptide factor added should fail within the physiologic range for 
that factor. It should be noted, however, that this is not always the case. In some cases a higher level is 
required (e.g., insulin at 5-10 u.g/ml) and in others, a lower range (e.g., TF 0.50-50 u.g/ml). Finally, a more highly 40 
purified preparation of added polypeptide factors may elicit a different response than a less pure form. 
Additionally, the optimal amount of a given polypeptide factor added to the media may vary in different media, 
for cells grown on different substrates, or in the presence of other polypeptide factors. 

For undefined media it is sufficient to grow cells in conditions in which the polypeptide factor Is known to be 
absent or inactive (e.g., depleted serum) (Nishikawa et al. Proc. Natl. Acad. Sci. USA 72:483-487 [1975]; Kato 45 
et a'- Exptl. Cell Res. 130:73-81 [1980]; McAuslan etaL Exptl. Cell Res. 128:95-101 [1980]; and Ross et al. Cell 
14:203-210 [1978]) The growth of cells in the presence or absence of the polypeptide factor can then be 
measured to determine whether the factor is required for growth stimulation or survival. The polypeptide factor 
tested should be of sufficient purity to be able to conclude with reasonable certainty that it is, in fact, the 
known peptide which is responsible for the growth stimulation. 50 

"Control region" refers to specific sequences at the 5' and 3' ends of eukaryotic genes which may be 
involved in the control of either transcription or translation. Virtually all eukaryotic genes have an AT-rich region 
located approximately 25 to 30 bases upstream from the promoter, the site where transcription is initiated. 
Another sequence found 70 to 80 bases upstream from the start of transcription of many genes is a CXCAAT 
region where X may be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence which 55 
may be the signal for addition of the poly A tail to the 3' end of the transcribed mRNA. 

Preferred promoters controlling transcription from vectors in mammalian host cells may be obtained from 
various sources, for example, the genomes of viruses such as: polyoma, Simian Virus 40 (SV40), adenovirus, 
retroviruses, hepatitis-B virus and most preferably cytomegalovirus, or from heterologous mammalian 
promoters, e.g. beta actin promoter. The early and late promoters of the SV40 virus are conveniently obtained 60 
as an SV40 restriction fragment which also contains the SV40 viral origin of replication. Flers et al. , Nature, 273 : 
113 (1978). The Immediate early promoter of the human cytomegalovirus is conveniently obtained as a HindiiTE 
restriction fragment. Greenaway, P.J. etaL, Gene 18: 355-360 (1982). Of course, promoters from the hoslcell 
or related species also are useful herein. 
Transcription of a DNA encoding a polypeptide factor or desired protein by higher eukaryotes is increased 65 
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indication of the operation of this vector occurs within the host cell 

terms° 3* ^^^^^^ °' ^ f0l, °™ 9 6XampleS M fr *^ occu ™9 ™**>* and/or 

ThI P ^ idS " f re d f'9 nated b V a '°wer case p preceded and/or followed by capital letters and/or numbers 
The starting plasmids herein are either commercially available, publicly available or Tan un^Jtr^tpH h a 

d.gest.on the reaction is electrophoresed directly on a polyacrylamide gel to isotate the hT2£h? . 
proc.ta, pre™™, »,, »o .sanction chaM eL «" Dm ? f* 1 

5 phosphate and thus will not ligate to another oligonucleotide without adding a tiSS^S^W^^ 
"Ligation" refers to the process of forming phosphodiester bonds between two double stranded n„H„ir 

noIbVcon™ u 9 e e d X to m St WST ^ m °* n0W ^ ** P™** *. invention, but should 
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Construction of Human Proinsulin Expression Vector 

The cDNA clone of the insulin gene, pHI3. provided the coding sequence of the human preproinsulin gene 
for construction of plasm.ds to direct the expression of preproinsulin in transfected mammalian cells. The 
vector pSVEHIGDHFR containing the SV40 promoter, the cDNA encoding human preproinsulin, the hepatitis B 
virus surface antigen polyadenylation site and the cDNA encoding mouse dihydrofolate reductase was 
constructed. 

Figure 1 shows the steps tor construction of the preproinsulin expression vector used to establish an 
insulin-independent host cell line. The three parts of the construction of pSVEHIGDHFR are detailed below: 

a) pSVEHIGDHFR 

fuILi 7 ^ 0 ^ "I" 155 hU J man P re P roinsulin *» opined in a 440bp fragment from pHI3 by a 
(Ncol -Xholl) digest. pHI3 is described In Sures, I. et al.. Science 208:57 (1980). The 440b D fraament 
containing the cDNA encoding preproinsulin was isolatidT — 

. oLcwS,^':— ' fra 9 ment isolated fr «>m the 5' end of the insulin receptor plasmid 
(pCVSVE-HIRIc.2, European Publication No. 0192392, published August 27. 1986) This fragment 

promoter " * ' inker " adapter t0 fuse the 5 ' end of ,he cDNA encodin S preproinsulin to the SV40 early 

3) The vector P CVSVD22/preUK54, providing the plasmid backbone which is ligated to the 63bp linker 
and preproinsulin gene coding sequences was prepared as described below. pCVSVD22/preUK54 the 
plasmid backbone, is the product of a three fragment ligation as diagramed in Figure 3 

.) The SV40 early promoter is obtained by digesting plasmid pCVSVE-HBV {European Patent 
Application Publication No. 01 17060, published August 29, 1984) with Pvul and Xbal 

li) The fragment containing the preurokinase cDNA was obtained froliTplasmldl) preUK54 tro207-l 
(European Patent Application Publication No. 0092182, published October 26. 1983) The plasmid 
was digested with Clal. The Clal ends are made blunt by a filling reaction. The Klenow fragment 
, PO'ymerase I plus all 4 deoxyribonucleotide triphosphates are added to fill in the Clal protrudina 

xLfrfi.^ ^I^om!/" 1 " 1 "' P,asmid DNA is digested wlth ,he second Xbal. The 
Xbal-Clal (filled) preUK54 cDNA fragment was then isolated. 

iii) The vector fragment containing the bacterial origin of replication, the DHFR cDNA, eukarvotic 
e cu=noo n ,M n J t, « nd the 3 ' un,ranslated re 9'on of hepatitis virus surface antigen was derived from 
PEHED22 (U.S. Patent No. 4,624,918. issued November 25. 1986). The plasmid was first cut with 
BamHI. The protruding BamHI ends were then blunted by a filling reaction with Klenow DNA 
polymerase I as n the procedure detailed for Clal blunting described above. Following the BamHI 
digestion and fill-In, the DNA was cut with Xbal and the large 4.3 Kb fragment isolated ~ 
These three fragments were mixed together and ligated in a three fragment, concerted ligation The 

fragmeT fSed PSVEH ' GDHFR ' pCVSVD22/ P reUK54 «« di 9 e ^ d with Xbal and BarnHI and the vector 

The final three part ligation to yield pSVEHIGDHFR used: a) the 440bp Ncol-Xholl fragment containing the 
cDNAforpreproinsuhn; b) a63bpXl«1^^ 

promoter, and o) the Xbal-BamHI vector fragment from pCVSVD22/ preUK54 containing the SvIioHFR 

""I ' T T PiCi " in r6SiStanCe mark6r ° ri9ln ° f rep,ica,ion in E - coli - ,he hepatiJsurface amigen 3' 
I!! h P * f IO " 3nd transcri P tion termination site. The threelrigTnents were ligated together in a 
50 reTomr a nT^Sd l,9a,, ° n *" tranSf0rmed "» ^ ^ ma m S were analyzed 9 and tt?e desired 

b) pSVEHIGNeo 

Figure 2 shows the steps for construction of the preproinsulin expression vector pSVEHIGNeo 

pSVEhS^JS^ ? B T? construction ' The ,irst was a Hindlll fragment from 

Zrt! f„ . Z f b0Ve - lnduced in thefra 9 ment wa * the cDNA encoding preproTnTulin and the SV40 

llr Y J£ y ln,t f eS transcri P tion ° f t^ DNA encoding DHFR. The plasmid backbone comprising the 
I^bTobT^^ ° bta p 8 k, by di9eSti0n 8t ,h6 Unique si,e * ust ^stream of the SV40 promote of 
^^^ J^^^T^ N ° h ° t 160457 ' DUblished 6. 1985). The linearized plasmid was 

^VE^S^^^^Z Phosphatase to prevent recircularization. The Hindlll fragment from 

tranTcri^ 

SS^.S^lTfS SKJC 00 unif is ups,ream of ,he preproinsu,in 9ene - Mer ,i9ation the 

Recombinant cells are identified by restriction analysis to insure proper orientation of the fmnrnnt 
contan.no the preproinsulin cDNA. In the proper orientation the SV40 promoter JS^SASUSSZ 
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the bacteria, Neo gene is now upstream and ini , iates transcription of the preproinsu.in cDNA 
c) pEO 

A vector containing the ornithine decarboxylase mnn ^ 
hepatitis B polyadenylation <»mlSTS^^iSllS^ °l the SV4 ° P~r, having a 
endogenous ODC gene can be amplified " mSS^^Tf^ " ^ *" c ° n *ructed. The 
difluorornethylornithine (DFMO). (McConlogue^TT Coffino P !« T ^ ,he ° DC inhibi,or ' 
McConlogue L. & Coffino, P., J. Biol. Chem 258 Monaii Chem - 258,8384-8388 [1983] : 

containing OkSJ^C^'^SSI C ° di "? rG9i ° n °' °° C WaS obtained <™ - « 
gu... The ends were blunted by filling In ^^ffpJSSSSS SatfoT 

Application Publication No. 0,093 6l9^aJS P^ 0 "™- (European Patent 

of 192bp fragment at the SV40 £Z£Z^^T PEJPFR which was modified by the ad£ 
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Selection of Insulin-lndependPnt p.*^ 30 



g/l thymidine); 10mM HEPES; 1.0rng/LUaS^ l l^I , ■ 01 01 5 9/l-hypoxanthine, and 005 

[1976]; Johnson Mathew Chemicals) fluS^^ W ' L SL-L 7 * 2023 

dial^'f r0 ^- Af,6r ,W ° Weeks tnis ^"S^Si? 1X10 ; M Mr^oTiisone, eitradio. 

dialyzed, charcoal-dextran DEAE extracted, heat-t rWedFBS ?Ch Tpbc? S 1 ? K ue ^ w,,h me *um containing 5 o/o 
whole serum but not ChX-FBS unless S unni P mLn, 0 H .7, ( ChX " FBS) ' Tne CHO DHFR- cells will qrow in 
providing other necessary factors Th * Ch *- FBS is ho ^er, capable o 

+ insulin compared to insulin alone. Thus Ihe addrtion a Vm&TI ,he Presence of ChX-FBS 
relation rate (-rescue") of those cells which ZrVorZ^l?^ S ^ W ° M lead * an leased 
using charcoal extraction was necessarv tn ™!! Priding their own proinsulin. Processing of the serum 
transformed host cell, insulin-^^ 

Clones were subsequently screened for insulin-TndVJnH^ ! 0< colon y morphology and size 

over extended periods of 2TC abeE^ 
wer eturtheselectedinSF|F(n ^ 

at 1 x 10= cells/ml in SFIF. Plated cells (100mm Sates, lrl *T "T*? Spinners (500rnl > were Inoculated 
After nearly two weeks of selection for insuTn £llZT SBWSm9 densit y of 2 x 10» cells/60mm plate 
Plates and the spinners, with medium conETg SbdSSlT- T^? ^ W ™ rescued **" both the 
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initial cloning were again serially diluted to one cell/well. The clones which survived and grew were then taken 
to 100mm ptates. These cells were carried in SFIF plus 500nM methotrexate and subcultured weekly 
i M „y°T* I and 12 demonstrated the capacity to survive and grow. As shown in figure 5 the 
insulin-independent cells were able to survive and grow in an insulin-free milieu while the control cells were 
not The insulin-independence of the cells of this invention is shown in figure 6. As the concentration of insulin 
in the medium is reduced growth of the insulin-independent cell line is maintained while the number of 
cells/plate for the control cells declined with decreasing concentration of insulin in the medium. 

Example 3 



tPA Production by an Insulin-Independent Cell Line 

a „H X n, r ^i S JH n V' P > A lV hB cu £? medium assayed Widely in a radioimmunoassay. Purified tPA 
and purrfied wd.nated tracer tPA were diluted serially to include concentration of 12.5 to 400 ng/m in 
phosphate buffered saline. pH 7.3, 0.5 percent bovine serum albumin. 0.01 percent Tween 80 and 0 02 percent 
sodium azide. Appropriate dilutions of medium samples to be assayed were added to the radioactively labelled 
7ZE%£ ^h^T T 8 a J' 0Wed 10 inCUbBte overnightat room temperature ^SS?; 
1.10 000 ddutan of the IgG fraction of a rabbit anti-tPA antiserum. Antibody-antigen complex was precipitated 
by absorption to goat anti-rabbit IgG Immunobeads (Biorad) for two houre at room tempera^ The beads 
were cleared by the addition of saline diluent followed by centrifugation for ten minutesTzS > : g aM'C 
k W6re SCard ! d 8nd thB radioactivit y in precipitates was monitored. Concentrations were 
ass gned by companson with the reference standard. It has been shown that various polypeptide factors affect 
protein secretion as well as affecting survival or growth of the host cell. Polypeptide Ss such as foE 
stimulating hormone (FSH), epidermal growth factor (EGF). insulin and transferrin have been shown to let 
hos ce«rC2B»° D X^r, d ""h <Ri ? h - K ; A -^ En d °"inology 113(6) :2284 [1983],. Thus, a transformed 
a^L 1 Lh « P , « f 6d Pr ° te,n ' " SSUe P |asminoaen abator, was made insulin-independent to 
assess production/secretion of the desired protein. 

JrJ^n T J°^ eterr !i me . Wh6 ! her end °9en°usly produced proinsulin would be sufficient to support the 
mZlr f ^ P H 0tein i e f - 1PA) in an insuli "-'" d ependent fashion, a transfection was performed in a 
manner similar to that desenbed ,n example 2. but using a host cell previously transformed to express a 

rtfnl^ 0161 "' "1 th ' S C3Se *r A - The Vector " P SVEH, ° N ^. Scribed in exempt 1 was trans^ed Tnto fhe 
CHO eel line contam.ng amplified tPA and DHFR (referred to as C2B) (European Publication No 0093619) 

l 2%T^7^VtTT Ph0 ^ e c °P reci P« ati °" ™*hod. (Simonsen. C.C. & Levinso^A.rTpNAS 
So nfnf w e i k'' M ' PNAS IUSA) Z§ :1242 - 1 255 [1979]). Transfected ceils expressing the 

Neo gene were selected by growth in medium containing G418 

¥,?JZT» '7 tra "" fected cells were selected for insulin independence in serum-free, insulin-free 
"ST , P ^ semrn - free medium was standard 350mOsm insulin-free F-12/DME medium 

u^T^\^'\ 2 ? m V 0mM Hepes: 10Mg/L ,ransferr,n: 1x ,race elements ; w ™<S 

lxio i«M T 3 and 1x10 8 M hydrocortisone, estradiol and progesterone 

n. a A rf=nH a tK y WeekS °u Se ' eCti0n f0r insu| in-independence. surviving cells were rescued from both the 

Ec ^di^on'ZT m9diUm C ° mainin9 50/0 dia ' yZOd ' 6XtraC,ed FBS ' and 23 Cl0nes were 5 
oHnsulin T« in * "T i0r ,PA P roduc,ion ^er serum-free conditions in the absence 

of nsulm and in the presence of varying insulin concentrations (including the optimal concentration of 20 
ng/ml .nsulm). Clone 13 was picked as the most promising for further work conce "tration of 20 

in ExamnlT? ' ll^JHV^ ?" 1™"°" J* insulin - inde P e " d ent cell to the transfection/selection described 
ralS i To * Y ab0Ve 15 bV am P lifica t'°" and in turn Increased expression of proinsulin Thus 
C2B cells producmg tPA were cotransfected with the pSVEMGNeo vector described in Example 1(b land I the 

^anSL 0 ' ^T 16 1(C) - ThiS W ° U,d P *™ X ^P'^^on using DFMO aier seSor , A^imtar 

SS^.^ ^ h m ,! th K d0l09y iS dSSCribed by Simonsen ' C C - and A.D. , supT 

in IIh f cotran s fec,ed with the preproinsulin-Neo vector and the ODC vector, pEO were firstletef ed 

^SSS^SSS? resis,ant cells were ,hen 9rown in increasin 9 

!m J *i DFMO to amphfy the transfected ODC gene and coamplify the preproinsulin gene After tWs 
60 nsulinSeDanden^ in < Th ° C2B P re P roi ™"n transfected cells were tested for 
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amplification. C2B (control) cells, C2B/clone 13 insulin-independent cells and the 100 uM n P Mn , 



Example 4 



ds-cDNA 



GGTCGACGAGCTCGAG 
CCAGCTGCTCGAGCTCTTAA 



Sail SstI 



Xho l 



IcoRI 



10 



Construction of Transfe rrin Exp ression Vectnr 
a) Isolation of Human Transferrin cDNA 15 

the manufacturer's instructions (which are based or. n J„« i,T u i A _ rnersh „ am Corporation) according to 
and Gubler, U. and Hoffman, B^Gene 25 £ SgS?" ' ' ^ ^ ^ ^ Bio1 - B :161 [1982] 
DNA oligonuc.eot.de .inkers « ^ bo th ends of the b.unt-ended ds-cDNA as shown: 



25 



30 



yielding ds-cDNA terminating in EcoRI restriction sites 35 
2000^:^ the ds-cDNA migrating above 

the bacteriophage lambda vector gt10 (r£,h 1 V e a to DN^C^ tT^ W8S li9ated int0 

Glover (ed.) [IRL Press, rwft~t J],^"' ™' g/" ?,^, TeChniqtJes - Pfacti <*' Approach . D 
bacteriophage lambda packaging extract (Strategene) ~ ^ P acka 9*d "sing a commercial «, 

sJinr c rA b srr n 9 i^ ™. co™^ and 

Washington, D.C.], [1985]) and bacterionhanp r W ? G0Ver ' DM ' [IRL Press 0xford . 

b) Identification of Recombinant Clonps Containing the Transfprrin .nK„ 

wafdeliSd'SiS to^e s^^of thfhr a r h6, ; C *»m be.ow. Its sequence 

reported by Ya.gU Pro^S £uiWS^X?° m rKJCle ° ,ide * "° * * ™ " • 
CA^3 CAC TAA GTG CCA-GAG TTT CCG CGA CCA TAT GAA AAG CGT 

h^fdi^^ - 

Plugs were picked for ^ P9 ' 326) and si * ***** Pnage" 

DN^lSaSiSnri «" a 16 hour growth phase bacteriophage 

same oligonucleotide probe. A ngle Stefpianue 'Si SCre6n ! d f d8SCribed ab0Ve USin9 « 

Wp ^;s^^ 

(Maniatis. Ibid pg. 373) S " C '° neS us,n9 8 standard sma » "sHe phaie ^ration 

40 p. of DNA from each Cone was digested with the restriction enzyme, Sst. (Got, S.P. and Rambach A „ 
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15 



20 



25 



30 



35 



40 



45 



Bi^^ P-t agarose ge.s (Struh.. K., 

(Yana et al sunnVl rLZtl t h.™? nserts of ^Proximately the correct size of 2 3 Kb 

5 R orrr c r e r es , ^ - ^^s?5i^ Gene ^ :101 

YK T ? e c tra «f femn COdmg re9ion was ex cised from the pUC vector as a 2 3 Kb EcoRi Yhai fr a „ ma „* * 

and in HgStg. pRK 5 ITfS^eSS^^Si °' *"* pRK5 vectoris d «cribed below 

transferring fragment. That ^me^ 

c) Construction of pRK5 

740 and the 73kd subunit amino acids 1690 to5£ C ° mpnSeS am ' n0 aclds 1 10 

-"JSJ^vEK 7 s "»*• The piasmid deieted the B 

PF8C.S was changed from S^te^Sr^^Z I ^JT- ""f^T PreC6din9 ,ne C,al site in 
cutting of the Clal site tnymid.ne so that a dam* strain of Ecoh would not be required for 

pfto KSSS TS^J^&Stzr SSTr : a) the 12617b Cla| - Sst » - 

fused to make the variant UD " Cat '° n 160 ' 457) staining the 5' and 3' DNA regions of factor VIII to be 

fragSs!^^ 'actor VII, variant. Two different 

BamHI-Hindlll fragment of DUC408BH i ta^ ™ BamHI-Pstl BAP vector. The A fragment is the 408bp 
the fusion region.The doub? SrtiJon^^^; "TI? B a " *to°™<*°«* containing 

the terminal restriction sttes a ^gfveSn Sure 1 1 thpZ , "T™ 1 \ ^ C ° mpl8,e DNA set > uence * 
delineated by the lines at the restrE sites Th JJ n ^ n ? °''9 0nucle ° tides *> not include the bases 
their polymerization during ligation ol.gonucleot.des were used without kinasing to prevent 

Afte^SofoMhfri^'p f W3S 3 Hindl,| - Pstl oligonucleotide shown in Figure 11 
se^e^^ *™ » ^-xpected junction 

The variant expression piasmid wasc3tS2rt« ^ 9 t .encompassed by the oligonucleotides. 
Piasmid from Figure 11 was™" ^LmHI and PsttanX^^Tni 2 ' f The ,usi °" 

three fragments of the four par llgaTons were 1^?^ r °, = MbP u ^r 6 "* 5 iS °' ated - TnB remainin 9 
Publication No. 160,457); 2) a Sbp^BamHi-Xbal of dS™ StlT™, °f pSVEFVIII (European Patent 
and the 1786bp Pstl-Xbal fragment ^^^l^^^rX^" ^ Pstl 
Figure 10. ; awBDp Xbal-Clal BAP fragment of pCIS2.8c24D from 

stll™^ ^ base one of the first T of the EcoR. 

polyA signal were placed on separate ptesS°dT 9 V Pr ° m ° ter a " d intTOn and tne SV4 ° "W""^ 

(^^^ aS t ? *fi™ fragment from P C.S2.8c28D 

were picked and screwed fo the ^2^2^^ P4 G T ^' 1 ° 3 I1985 »- Twelve «*»«•« 
allow for sequencing from the EcofTsS « i^S^ dT^ ° NA ,r0m " UC118 w ° u ' d 
PCMVE/P. — Sl,e at 1201 t0 tne l£° RI site at 9999. This clone was named 

Sro^ °T * - SP6 (Green. M.R. et a.., Cel. 

promoter (See Nucleic >teE Ret^^K^ ***** ! 10mer which containedtFTe SP6 
were used along with I8bp S^^ J^^^^T^ 1 ^^ +5of SP6 promoter 
sequences Mutagenesis wLd^nebyLX:^ 
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POten, ' al C '° neS W6re PiCk8d and A P~i«ve was identified and 

inpC^^^^ 

PUC1 18 and screened fo th M^<^.f^™~ J?* 1 ^ " 9ated in, ° the 5!?'- Smal site °' 
pCMVE/PSP6-Land pCMVE/P-L T 1 "" 1 b0th and cloTCS 

were labelled 

JiJK^^S^H^SrdESSK? — - 



Example 5 



Selection of Transferrin-lndependent Cells 



10 



15 



20 



25 



30 



35 



40 



DP7 insulin-independent cells were transfected with nRkTPW w fl ^ ri K Aj • 
was by the calcium phosphate co P reciprta?ion methTo^ 4 ab ° Ve " Trans ^ction 

selected for hygromycin-resistanc^ > The ^ nvnrTlnn Sl 7° n + sen H and Lev,nson . supra. Transfected cells are 
Picked. Cloning decrLeT ^ is and several colonies are 

step. Cell lines making transferrin are selected bv nmwinn Ce " S * the subs *^nt selection 

transferrin-free M2/DME medium. F 12?S as dTib 9 !^ 3 Serum - free (350m 0sm > 

under these conditions iron is introduc^ ^ n ° ir0n iS added ' How ^r, 

etc.). This smaJI amount of iron is insufficien ^ ^ water, NaCI, 

can support cell growth in the presence of transferrin i fMa^ 0f transfe ™. but 

[1979]; Perez-Infante, U. and Mather, ^ CM 120:191*0 

efficiency of iron-uptake via the transfpmn ro^w *^ 2 I 1982 J) presumably due to increased 
serurnWtransferLi^ lor 1-2 weeks in this 

FBS. Clones are subsequently tested for transferrinldoncnH F "? 2/DME med,um containing 5% extracted 
the untransfected parent line fin thelow iro ^2^ *?^ com P arin 9 the Browth of the clones and 
the capacity to su£ive and g^ow^c^ZunZT^ wrth ^« added human transferrin. Clones with 
spinners and plates. 9 * " ed U " der tran sfe™-.ron-free conditions are selected further in 

co^an^ for .nsulin-independence b y " 

and low iron medium with and without m ZT!^£ ^rum-free. ,nsulin-free. transferrin-free 
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Claims 



1 . A method for cufturing a host cell comprising: 

a. determining a polypeptide factor for a polypeptide factor-dependent host cell ■ 

b. transforming said host cell with nucleic acid encoding said polypeptide factor 

c. transforming the host cell with nucleic acid encoding a desired protein* and 

? th« moih H n9 , th , e tra ? Sf ? rmed Cel,S ° f Step (c) ln a medium ,ackin 9 toe polypeptide factor, 
a 52 mothnH ° C ^ ^ additiona,| y wniP*" the step of recovering the desired protein 

3. Themethodofcla.m1 or claim 2 wherein the medium is serum-free medium 

4. The method of claim 1 , claim 2 or claim 3 wherein the host cell Is a vertebrate host cell 

5. The method of claims 4 wherein the host cell is a Chinese hamster ovary cell 

6. The method of any one of claims 1 to 5 wherein the polypeptide factor is proinsulin 

7. The method of any one of claims 1 to 5 wherein the polypeptide factor is transferrin 

q ^hnTt^M 1? ^ ° ne J? ClaimS 1 10 5 Wherein the P°*W*to factor is transferrin and insulin. 
9. A host cell transformed to express a described protein and polypeptide factor 

1 0. The host cell of claim 9 which is a vertebrate cell. 

1 1 . The host cell of claim 10 which is a Chinese hamster ovary cell. 

12. The host cell of claim 9 which is a 293 cell. 

ll'^l IT! C6 !! °I any ° ne ° 1 daimS 9 10 12 wnerein ^ Polypeptide factor is proinsulin. 
4. The host cell of any one of claims 9 to 12 wherein the polypeptide factor is transferrin 

^£Z2^*S^ ° f "* C,aimS 9 10 U ^ 6 m6diUm ^ Peptide 

16. The culture of claim 15 wherein the medium is a serum-free medium 

1 7. The culture of claim 16 wherein the polypeptide factor lacking in the medium Is insulin. 
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Hind Hi 
, Xba I 
SVE li,Ncol 




sve Hind III 



%(BamH// 
pSVEHIGDHFR Xho 11) 



HBV3'UT 




NEO 



HBV3'UT 



DHFR 

1. Cut with Hind II! 

2. Isolate proinsulin cDNA 
fragment 



1. Cut with Hind 

2. Treat with 
Calf Alkaline 
Phosphatase 



T4 DNA Ligase 



Hind III 
SVE / Xba I 

■Ncol 



on 




Fig.2 



(Bam HI/ Xho II) 



HBV3*UT 
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Sa// 




£™> Hindi!/ 



1. Digest with Sa! I.Pvu II 

2. Fill-in with Klenow 
DNA Polymerase and 
4 dNTPs 

3. Isolate 1688bp ODC 
fragment 



f/o.4 



ODC 
Coding 
Region 



Pvul} 




t-PA 



HBV \ 
poly A % 



HBV 
poly A 



SdC II DHFR SV40 

1. Digest with Hind III and Sac II 

2. Fill-in with Klenow 
DNA Polymerase and 
4 dNTPs 

3. Isolate 3593 bp vector 
fragment 



Ligate ODC fragment to 
vector fragment in a 2-part 
blunt-end ligation 



SV40 




ODC 
Coding 
Region 
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CHO/DHFR-/Proinsulin Cells 




5%Whole FBS 



S CHO/dhfr 
♦ DP7 
□ DP12 



Duplicate. 60mm plates 
(4ml medium) 

2 counts/plate 



Time (days) 



FlG.5a 



CHO/DHFR-/Proinsulin Cells 




1% Extracted FBS 



□ CHO/dhfr- 
♦ DP7 

□ DP12 



Dialyzed, 
heat inactivated, 
charcoal -dextran 
extracted FBS 



Time (days 



FlG.5b 
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CHO/DHFR-Control 




0 0.01 ' 0.05 ' 0.1 ' 1.0 ' 10 
(Insulin) mg/L 



Day 6 Counts 



□ CHO/dhfr- 



FlG.60 



50. 



40- 



~ 30- 



O 
X 
CD 



CH0/DHFR-/Proinsulin Cells 



f=2 



20- 



10- 








V 







0.01 0.05 0.1 

; (Insulin) mg/L 



Day 6 Counts 



□ 


DP7 




DPI 2 



Seed dens. =2x1 0 5 c /plate 
Duplicate 60mm plates 
4ml medium 
2 counts/plate 



1.0 10 



FlG.6b 
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isolate Bam HI: Pst I fragment: 
€06 bp 

565 bp 



608 bp 




Bam HI 



ipC!S2.Bc24D = 



443 bp 

1 

Isolate Cia 1, Bam HI 
1944 bp fragment 


r 

4 -part ligation 


•Bam HI 

1. isolate 2202 bp fragment 
Bam HI. Xba I 




4J 2. Pst I partial 




Isolate 17B6 bp fragment 




Pst I, Xba I 

I 


L 


Isolate 5828 bp fragment 




Cla I, Xba I. BAP 






Xba I 



